quartzite. Quartzite is the dominant rock on Dutchwoman Butte. The elevation ranges from approximately 4,720 to 5000 feet. The summit of the butte is not level but is tilted to the southeast with a slope of about 20% and lies 500 to 1,000 feet above the surrounding lowlands.
Climate
No climatic data were available from within the site. Data from surrounding weather stations were used to extrapolate climatic conditions. The climate of the area is semi-arid with two distinct rainy seasons. The summer monsoon season is characterized by intense thunderstorms, and the winter rainy season is associated with Pacific frontal storms producing gentle rains and occasional snows. About 60% of the precipitation falls during the winter period. Summers are hot with normal high temperatures above 90°F. Winter temperatures frequently drop below freezing at night. The mean annual precipitation on Dutchwoman Butte is estimated to be 17 inches.
The total precipitation during the 1993 and 1994 study period was above normal with near normal summer precipitation. The period preceding the 1997 data collection, however, was marked by a long-term period of below normal precipitation. Data from three nearby weather stations show that for the 30-month period preceding October 1997 the precipitation was 25 to 40% below normal. This variability is not unusual for the area and would be considered normal for long-term records.
Vegetation Community
The vegetation community on Dutchwoman Butte consists of a semidesert grassland with widely scattered redberry juniper. It lies high above the Sonoran desert shrubland of Tonto Basin but below the woodlands of the higher plateaus to the north. Common shrubs include catclaw acacia, agave, banana yucca, and Engelmann pricklypear. Common half shrubs include false mesquite and buckwheat. The most common grasses are sideoats grama, hairy grama, and plains lovegrass.
The vegetation indicates a transition between the semi-arid grasslands of lower elevations and the woodlands
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The following vegetation and ground cover data were collected on Dutchwoman Butte from random transects. The data were collected from two areas. The data from Site 1 were collected on areas of deeper soils, the most common of the area. The second data (Site 2) were obtained from the shallower, rockier soils. The deeper soils tended to produce more grass while the rockier soils tended to favor buckwheat at the expense of grass. Plant names are from the 1982 National List of Scientific Plant Names. 
Soils
There are two dominant soils types on Dutchwoman Butte. The most common (Aridic Argiustolls, fine, smectitic, thermic, deep, very gravelly loams) occupies about 70% of the area. It consists of a deep, well drained soil with a dark brown, organic rich, cobbly loam surface over a dark reddish brown clay subsoil. The second most common soil (Aridic Argiustolls, loamy-skeletal, mixed, superactive, thermic, moderately deep, very stony loams) occupies about 20% of the area, normally near the margins of the butte. It consists of a moderately deep, well drained soil with a reddish brown, organic rich, very stony loam surface over a dark reddish brown very cobbly loam subsoil. Smaller areas of very shallow soil also occur in random patterns.
All of the soils have large amounts of litter and plant cover and abundant organic matter within the soil. These features promote stable granular surface soil aggregates and contribute to a low bulk density leading to stable soils. These soils have good infiltration rates and provide a good medium for root growth. There are very few indicators of overland flow such as rills, sediment or litter deposits, or pedestalled rocks and plants. All visual signs indicate that a very high proportion of the precipitation that falls on Dutchwoman Butte enters the soil.
Vegetation and Forage Production
The most striking aspect of Dutchwoman Butte is the diversity, density, and vigor of the grasses. A total of twelve grass species occurs in greater than trace canopy cover densities. The canopy coverage of grasses ranges from approximately 35% to 40% and the vigor is high with most of the grama 
Slim Tridens Tridens muticus
This is by no means a complete list since other species may have been present but were not observed.
The following plants were observed on the butte but were not encountered on any transect line:
Pedon1: Aridic Argiustoll, fine, smectitic, thermic.
This soil occurs at an elevation of 4800 feet near mid slope on a linear surface with a gradient of 20% and an aspect of 110 degrees. The soil formed in colluvial and residual material derived from the Apache Group (limestone, shale, quartzite, conglomerate). The residual material is quartzite.
The "A" horizon, with a depth of 0 to 3 inches, is a dark brown cobbly loam containing 4.7% organic carbon. It has moderate fine to coarse granular structure and contains many very fine and fine roots and many very fine and fine tubular pores. The soil reaction is moderately acid.
The "AB" horizon, with a depth of 3 to 7 inches, is dark brown very cobbly clay loam containing 2.0% organic carbon. It has moderate, medium subangular blocky structure parting to strong medium granular structure and contains many very fine and fine roots with common very fine and fine tubular pores. The soil reaction is neutral.
The "Bt" horizons, with a depth of 7 to 28 inches, are a reddish brown to dark reddish brown cobbly or stony clay containing about 1.2% to 1.6% organic carbon. They have strong angular blocky structure in the upper part and weak prismatic structure in the lower part. They contain common very fine and fine roots in the upper part and few very fine roots in the lower part. There are few fine pores throughout. Pressure faces are found on peds. The reaction ranges from neutral in the upper part to slightly alkaline in the lower part.
The "Bk" horizon ranges form 28 to 41 inches. It is a reddish brown very cobbly clay. It is massive and contains no roots and few pores. It contains soft masses and disseminated lime and is slightly alkaline.
Pedon 2: Aridic Argiustoll, loamy-skeletal, mixed, superactive, thermic.
This soil occurs at an elevation of 5000 feet near the upper part of the slope. The surface is linear to convex with a gradient of 25% and an aspect of 130 degrees. The soil formed in colluvial and residual material derived from the Apache Group (limestone, shale, quartzite, conglomerate). The residual material is quartzite.
The "A" horizon, with a depth of 0 to 3 inches, is a reddish brown very stony loam. It has moderate fine granular structure and contains many fine and medium roots, and many fine and medium, tubular pores. The soil reaction is neutral.
The "AB" horizon, with a depth of 3 to 7 inches, is a dark reddish brown very cobbly loam. It has moderate medium subangular blocky structure parting to moderate fine and medium granular structure and contains common to many very fine to coarse roots. There are many very fine to fine tubular pores and the soil reaction is neutral.
The "Bt" horizons, with a depth of 7 to 33 inches, are dark reddish brown to reddish brown cobbly, very cobbly, or very stony clay loams. They have moderate to strong medium and coarse structure. They contain common very fine to medium roots in the upper part grading to few very fine to medium roots in the lower part. They have many very fine and fine tubular pores in the upper part of the horizon and common very fine and fine tubular pores in the lower part. The soil reaction is slightly acid in the upper part grading to moderately acid in the lower part. Fractured quartzite bedrock is encountered at a depth of 84 inches.
Two soil descriptions were taken on Dutchwoman Butte. The first was taken at approximately mid slope. The second was taken near the top of the slope on an extremely rocky surface. The descriptions follow: (Colors are for dry soil unless otherwise noted.)
grasses reaching knee high and some of the species such as cane beardgrass and green sprangletop reaching waist high.
The dominant species are sideoats grama, hairy grama, and plains lovegrass. These three grasses account for about 70% of the grass canopy. Curly mesquite accounts for only about 5% of the total grass component (1.8% canopy coverage) on the deep, fine textured soils. This is commonly the dominant species on many heavily grazed ranges. In such places it may account for more than 90% of the grass canopy. Another feature of the grass community is the extreme patchiness of the species composition. Many of the species seemed to occur in localized swards despite no apparent differences in soil characteristics. This was especially true of the less common species. For example green sprangletop and cane beardgrass, which only occupied canopies of 0.8 and 0.3% respectively, often could be found in swards covering localized areas in nearly pure stands. Another feature of the vegetation is the scarcity of snakeweed. It was not found during the vegetation transects. Only a few plants were observed on the butte while on the grazed rangeland below the butte, snakeweed was quite common.
Grass basal area was not high, measured at seven or eight percent, but this is probably typical of a bunchgrass community. Most of the ground cover came from grass litter totaling approximately 20 to 25%. This illustrates the importance of leaving ungrazed grass to build up litter since litter accounts for the bulk of vegetative ground cover and facilitates water infiltration. Total effective vegetative cover (plant basal area plus persistent litter > 1/2 inch) was approximately 30 to 35%. Cryptogamic crusts were scarce. Intense competition with vascular plants may limit the occurrence of these communities in grasslands.
Forage production data were collected in October 1994 and again in October 1997. Grasses, buckwheat, and false mesquite were clipped, air dried, and weighed to produce the following results:
As noted in the section on climate, the total precipitation in period preceding the 1994 data collection was slightly above normal although the summer precipitation was near normal. The precipitation in the 30-month period preceding the 1997 data collection was below normal with the summer precipitation in the previous four months being well below normal.
As expected, the forage production was strongly influenced by precipitation. The 1994 data showed 1116 lbs/acre of forage during a period when precipitation was slightly above normal. The forage production in 1997 was only 463 lbs/acre, or about 40% of the 1994 production. As noted in the climate section, the 1997 data were collected during a period of prolonged drought. The Palmer Drought Severity Index indicates that the period from late 1995 through 1997 was one of the most severe droughts since early in the 20th century. Even with the reduction in forage production because of drought, Dutchwoman Butte was producing about four times as much forage as similar areas with a long-term history of grazing.
Comparisons
One of the values of Dutchwoman Butte is its use as a reference area that can be used to assess the impacts that have occurred on managed sites with similar ecosystems.
Soil Comparison to Other Sites
While laboratory data from similar soils on the Tonto National Forest are not available, the organic carbon content from samples taken from the most common soil on Dutchwoman Butte can be put in perspective by comparing it to similar soils in Arizona. The data were compared to fifteen Mollisols (soils with
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During the past several years the Southwestern Region of the USDA Forest Service has been developing a protocol for assessing soil quality. The procedure that was developed examines three primary soil functions: hydrologic (the ability of the soil to accept, hold, and release water); stability (the ability of the soil to resist erosion); and nutrient cycling. Soils are placed into one of three condition classes (satisfactory, impaired, or unsatisfactory) based on their ability to meet the soil function criteria. Soil condition classes are used to assess forest management and recommend measures to enhance soil quality through changes in management or by implementing restoration.
The hydrologic function is evaluated by the following indicators: surface structure, surface pore space, rupture resistance, near surface subzones, bulk density, infiltration, and penetration resistance. Stability is determined by using the following: soil loss models (Universal Soil Loss Equation {USLE}, Revised Universal Soil Loss Equation {RUSLE}), visible erosion, pedestalling, erosion pavement, soil deposition, and loss of surface horizons. Nutrient cycling is evaluated by these indicators: the vegetative community composition, surface litter, coarse woody material, and root distribution. Several indicators may influences more than one function. Surface litter, for instance, will influence soil stability and hydrologic function as well as nutrient cycling. The overall weight of all criteria is used to determine the soil condition rating.
The soils on Dutchwoman Butte were evaluated during the process of developing soil quality standards. Along with soils from other areas, the Dutchwoman Butte soils served as a baseline to demonstrate soils that were functioning properly and exhibited satisfactory soil quality. 
Comparison to a Typical Grazed Area
Changes to soils and vegetation brought about by domestic livestock grazing can be put into perspective by comparing a typical grazed area with Dutchwoman Butte. The Cross F Allotment, located 25 miles to the northwest of Dutchwoman Butte, is fairly typical of many grazed ranges on the Tonto National Forest in that the grasslands are heavily dominated by curly mesquite. Data, collected on the Cross F Allotment and a range exclosure established in 1934 within the allotment, were compared to that of Dutchwoman Butte that has similar climate and soils. Both areas have the same soil type and the vegetation, for both areas, represents the cool/moist end of semi-desert grasslands.
Data from a vegetation transect on the Cross F allotment depict a site dominated by curly mesquite with a canopy coverage of 15.8%. Only one other grass, sideoats grama at 0.1%, occurs in more than trace amounts. Contrast this with the grass community on Dutchwoman Butte where twelve species with greater than 0.1% canopy occur and the total canopy of grasses is around 40%. On Dutchwoman Butte, curly mesquite has a canopy of only 1.8% or only about 5% of the total grass community. This species, which withstands grazing pressure well, was probably only a minor component of native grasslands but now dominates thousands of acres of rangeland. It was also observed that the canopy coverage of herbaceous forage species, which includes grasses and palatable half-shrubs, totals about 55% on Dutchwoman Butte but only 23% on the Cross F allotment. Palatable halfshrubs include Wright buckwheat and false mesquite.
The soils on the grazed area on the Cross F allotment show definite signs of compaction. The bulk density reading on Dutchwoman Butte can be put into perspective by comparing it to previous data taken on similar soils on the Cross F allotment and to an ungrazed range study plot within the allotment, established in 1934.
The bulk density of 0.93 g/cc on Dutchwoman Butte is similar to the reading of 0.98 g/cc obtained from the Cross F range study plot which has had long-term rest. The grazed area, however, outside of the exclosure, had a bulk density of 1.22 g/cc which indicates enough soil compaction to cause a major reduction in the rate of water infiltration. The increase in bulk density of 24% on the grazed area is considered significant since a 15% increase in bulk density decreases water infiltration rates by about 50%.
The soil structure on Dutchwoman Butte and within the Cross F range study plot are strikingly different from the grazed portion of the Cross F allotment. The surface horizons on Dutchwoman and the range study plot have granular soil peds conducive to water infiltration, gas exchange and root growth, while the surface on the grazed Cross F portion has a dense, platy structure which limits infiltration and root development. In some heavily compacted soils, roots penetrate the dense plates only with difficulty and may be observed growing parallel to the surface.
Root development was also much more pronounced on Dutchwoman Butte and the range study plot. There were many very fine and fine roots (> 30 per i n 2 ) in the surface horizons of these areas compared to few (< 5 per in 2 ) in the grazed area. It was evident that, in the grazed areas, root development was not sufficient to rebuild organic matter supplies within the soil. The ungrazed areas had an adequate supply of roots to build organic matter reserves.
The soil characteristics of the Cross F allotment are typical of those soils on the Tonto National Forest that have had long-term impacts from grazing. Dutchwoman Butte offers a valuable comparison area to demonstrate that soils impacted from domestic livestock grazing are not functioning at an optimum level and can be improved.
Conclusions
Dutchwoman Butte is an extremely valuable site for research in that it represents one of the very few semi-arid grassland habitats that have not been impacted by domestic livestock grazing. It is very useful in helping to assess preEuropean settlement conditions, changes that have been brought about by livestock grazing, and as a guide in establishing desired conditions. Soil charac- 
